Abstract The present common view about GRB origin is related to cosmology, what is based on statistical analysis, and on measurements of the redshifts in the GRB optical afterglows of long GRB. No correlation is found between redshifts, GRB spectrum, and total GRB fluence. Comparison of KONUS and BATSE data about statistics and hard X-ray lines is done, and some differences are noted. Hard gamma-ray afterglows, prompt optical spectra, hard X-ray lines measurements could be important for farther insight into GRB origin. Possible possible connection of short GRB with soft gamma repeaters is discussed.
GRB PHYSICAL MODELS
The GRB models may be classified by two levels. The upper one is related directly to the observational appearance, and include 3 main models.
1. Fireball. 2. Cannon ball (or gun bullet). 3. Precessing jets.
The main restrictions are connected with the next (basic) level of GRB model, which is related to energy source, producing a huge energy output necessary for a cosmological GRB model. These class contains 5 main models. Janka (1998, 1999) . Gamma radiation is produced here by (ν,ν) annihilation, and the energy output is not enough to explain most powerful GRB even with account of strong beaming. The energy emitted in the isotropic optical afterglow of GRB 990123 Kulkarni et al. 1999 ) is about an order of magnitude larger than the total radiation energy output in this model.
(NS+NS), (NS+BH) mergers. This mechanism was investigated numerically by

Magnetorotational explosion. Magnetorotational explosion, proposed by Paczynkki
(1998) for a cosmological GRB, had been suggested earlier for the supernova explosion by Bisnovatyi-Kogan (1971) . Numerical calculations gave the efficiency of a transformation of the rotational energy into the kinetic one at the level of few percent (Ardelyan et al., 1997 (Ardelyan et al., , 2000 . This is enough for the supernovae energy output, but is too low for cosmological GRB.
3. Hypernova. This model denoting very powerful supernova, was suggested in general by Paczynski (1998) , and is popular now because traces of the supernova explosions are believed to be found in the optical afterglows of several GRB (Sokolov, 2001; Dado et al., 2002; Stanek et al., 2003) . The action of strongly magnetized rapidly rotating new born neutron star for production of GRB was considered by Usov (1992) . Another hypernova model is based on a collapse of a massive core, formation of a black hole M bh ∼ 20M ⊙ , surrounded by a massive disk with a rapid accretion and appearance of GRB (MacFadyen and Woosley, 1999) . This modes seems to be most promising now.
Magnetized disks around rotating (Kerr) black holes (RBH). This model is based
on extraction of rotating energy of RBH when magnetic field is connecting the RBH with the surrounding accretion disk or accretion torus (van Putten, 2001) .
5. In the model proposed Ruffini et al. (2000) GRB is created by the pairelectromagnetic pulse from an electrically charged black hole surrounded by a baryonic remnant. The main problem here is how to form such a strongly charged BH.
BASIC OBSERVATIONAL DATA
Statistics
Statistical arguments in favor of the cosmological origin of GRB are based on a visual isotropy of GRB distribution on the sky in combination with a strong devi-ation of log N − log S distribution obtained in BATSE observations (Meegan et al., 1992 ) from the euclidian uniform distribution with the slope 3/2. Similar properties have been obtained in KONUS experiment (Mazets et al., 1980) where the authors explained deviations from 3/2 slope by selection effects. The analysis of KONUS data with account of selection effects made by Higdon and Schmidt (1990) gave the average value < V /V max >= 0.45 ± 0.03; the value 0.5 corresponds to pure uniform distribution.
KONUS data had been obtained in conditions of constant background. Similar analysis made by Schmidt (1999) of BATSE data, obtained in conditions of substantially variable background, gave resulting < V /V max >= 0.334 ± 0.008. These two results seems to be in contradiction, because KONUS sensitivity was only 3 times less than that of BATSE, where deviations from the uniform distribution in BATSE data are sill large (Fishman and Meegan, 1995) .
Detailed statistical analysis and calculation of of BATSE data, divided in 4 classes according to their hardness and calculation of < V /V max > for different classes have been done by Schmidt (2001) . In the cosmological model we may expect smaller value of < V /V max > for softer GRB in the case of a uniform sample, because larger red shifts would correspond to softer spectra. The result is quite opposite, and soft GRB have larger < V /V max > than the hard ones, 0.47 and 0.27 respectively. It is supposed by Schmidt (2001) that strong excess of luminosity in hard GRB overcomes the tendency of the uniform sample. The possibility of decisive role of selection effects (incompleteness of data, statistical errors in estimation of luminosity in presence of the threshold) was analyzed by Harrison et al. (1995) , Bisnovatyi-Kogan (1997) . The influence of statistical errors in presence of the threshold was analyzed by Bisnovatyi-Kogan (1997) . The log N − log S curve in presence of statistical errors on the level of average 10 thresholds has a similarity with the BATSE distribution (see Fig 1 and Fig 2) .
Optical Afterglows and Red Shifted Lines
The spectra of optical afterglows have shown large red shifts z, up to 4.5, indicating to the cosmological origin of GRB and their enormous energy outputs. In most cases the red shifts have been measured in the faint host galaxies. The list of red shift measurements is given in the Table 1 , where data about redshifts from Djorgovski et al. (2001) are completed by total GRB fluences (Bisnovatyi-Kogan, 2003) . This table contains the trigger number and fluence from 4B catalogue (Paciesas et al., 1999) , and fluence for the GRB from other references. Huge energy output during a short time (0.1 -few 100 seconds) create problems for the cosmological interpretation.
It was shown first by Paczynski (1998) , that properties of GRB afterglows are explained better under suggestion that GRB source is situated in a dusty star forming region with a high gas density. Interaction of mighty GRB pulse with the surrounding gas with a density n = 10 4 − 10 5 cm −3 create a specific form of the optical afterglow, lasting up to few tens of years. The calculations of light curve and spectrum of 2 -curve with ∆ = 1; C(max) is the peak intensity of the burst; C(thr) is a corresponding threshold value, from Bisnovatyi-Kogan (1997).
such afterglow have been done by Bisnovatyi-Kogan and Timokhin (1997) . Some results are represented in Fig. 3 . It was shown, that counterparts of cosmological GRB due to interaction of gamma-radiation with dense interstellar media are "long-living" objects, existing for years after GRB. To distinguish GRB counterpart from a supernova event, having similar energy output, it is necessary to take into account its unusual light curve and spectrum. In the optical region of the spectrum the strongest emission lines are H α and H β . Discovery of even one optical counterpart of GRB with properties described above would give an opportunity to probe the density of the interstellar medium around the burst, and therefore would give an indication of the burst progenitor. Fig. 3 The magnitudes of the counterparts (upper limit -solid line, lower limit -dashed line) as a function of time after burst for GRB with total flux near the Earth F GRB = 10 −4 erg cm −2 : 1a. -for the case E = 10 52 erg; n 0 = 10 5 cm −3 ; 1b -for the case E = 10 51 erg; n 0 = 10 5 cm −3 , from Bisnovatyi-Kogan and Timokhin (1997).
Collimation
To avoid a huge energy production strong collimation is suggested in the radiation of GRB. In the "cannon-ball" model of Dado et al. (2002) the bulk motion Lorentz factor is Γ ≈ 10 2 − 10 3 , leading to collimation factor Ω ≈ 10 −4 − 10 −6 . Analysis of GRB collimation have been done by Rhoads (2001) . The main restriction to the collimation angle follows from the analysis of the probability of appearance of the orphan optical afterglow, which most probably have low or no collimation. The absence of any variable orphan afterglow in a search poses the following restrictions. It was expected to detect ∼ 0.2 afrerglows, if bursts are isotropic, so the absence of orphan afterglows suggests Ω opt /Ω γ << 100, which is enough to rule out the most extreme collimation scenarios.
At radio wavelengths published source counts and variability studies have been used by Perna and Loeb (1998) to place a limit on the collimation angle, θ γ ≥ 5
• . Because radio afterglows last into the non-relativistic phase of the GRB remnant evolution, the radio afterglows are expected to radiate essentially isotropically, and the orphan afterglow limits on radio Ω r /Ω γ immediately imply a limit on Ω γ itself. Comparison of the red shifts and fluences from Table 1 shows no correlation between distance and observed flux (see Fig 4) . It is explained by strong collimation, and strong scattering is connected with different sight angles in the beam. If the collimation is connected with the relativistic bulk motion (Dado et al., 2002) , than strong correlation is expected between GRB duration and their power: stronger GRB should be shorter.
Absence of such correlation excludes models based on the relativistic bulk motion collimation.
Prompt Optical Afterglows
The afterglow of GRB 990123 was catched by optical observations 22 seconds after the onset of the burst . GRB 990123 was detected by BATSE on 1999 January 23.407594. The event was strong and consisted of a multi-peaked temporal structure lasting ≥100 s (see Brightest visual magnitude and redshift are given in brackets. The most remarkable afterglow observed by many observatories was in GRB 030329 (see i.g. Rumjantsev et al., 2003; Burenin et al., 2003) , where supernova was probably detected by the features of spectra (Stanek et al., 2003) . Konus-Wind observations of GRB 030329 are given in Fig. 6 , and light curve of the optical afterglow obtained in Crimea observatory is represented in Fig. 7 (from Pozanenko, 2003) . This is the brightest ever optical burst, from Pozanenko, (2003) . EGRET observations on CGRO have shown that GRB emit also very hard gamma photons up to 20 GeV (Fishman and Meegan, 1995) . The number of GRB with detected hard gamma radiation is about 10, from them 5 bursts had registered photon energies over 100 MeV . Hard gamma emission continues up to 1.5 hours in the GRB940217. Comparison of the angular aperture of EGRET and BATSE leads to conclusion that hard gamma radiation could be observed in large fraction (about one half) of all GRB. Spectral slope in hard gamma region lays between (-2) and (-3.7), and varies rapidly, becoming softer with time (GRB920622 in ).
Data about spectra of hard gamma radiation of radio pulsars in Crab nebula (Much et al., 1996) , and PSR B1055-52 (Thompson et al., 1999) show similar numbers and variety. With account of non-pulsed Crab spectrum the slope varies between (-1.78) and (-2.75 ). If GRB is connected with SN explosion and neutron star formation, than residual oscillations of the neutron star may be responsible for the extended hard gamma ray afterglow (Bisnovatyi-Kogan, 1995; Timokhin et al., 2000, Ding and Cheng, 1997) . .
Hard X-Ray Lines
Hard gamma-ray lines in GRB spectra have been discovered by KONUS group (Mazets et al.,1982a) . They had been interpreted there as cyclotron lines, and have been seen in 20-30% of the GRB. These spectra had shown a distinct variability: the visible absorption decreases with time (Fig. 8) . In BATSE data existence of hard X-ray spectral features in GRB spectra was found by Briggs et al. (1999) . In this paper 13 statistically significant line candidates have been found from 117 investigated GRBs. One of the best cases for detecting a line is GRB 941017 in which the data from two detectors are consistent. In some GRBs the line was found only by one detector, while it was not statistically significant in the other one. The data for GRB930916 from the detector with the well observed line is given in Fig. 9 from Briggs et al. (1999) . The conclusion of this paper is that the reality of all of the BATSE line candidates is unclear. Note however that spectra of GRB930916 had been obtained 20 s after the trigger, and according to Mazets et al. (1982a) the lines are the strongest at the beginning of the burst (see Fig. 8 ).
The only interpretation in the cosmological model (Hailey et al., 1999 ) is based on the blue-shifted (Γ = 25−100) spectrum of the gas cloud illuminated by the gamma radiation of the fireball. Similar model was suggested by Bisnovatyi-Kogan and Illarionov (1989) for explanation of the lines observed by KONUS. summed over 6-th, 7-th and 8-th intervals, from Mazets et al. (1982b) .
GRB and Supernovae
The following GRB have evidences for their connection with SN: GRB980425 
SHORT GRB AND SGR
The statistical analysis reveals at least two separate samples consisting of long (>∼ 2 s) and short bursts. Optical afterglows and redshift measurements have been done only for long bursts. Therefore, it is not excluded that short bursts have different (may be galactic) origin. Compare properties of short GRB with giant bursts from soft gammarepeaters (SGR) inside the Galaxy. From the larger distance only giant bursts would be registered, which could be attributed to short GRB. The existence of giant bursts in the SGR (3 in 4 firmly known SGR in the Galaxy and LMC) implies a possibility for observation of giant bursts, which appear as short GRB, in other neighboring galaxies.
The estimation gives more than 10 expected "short GRB" of this type from M 31 and other close neighbors. The absence of any GRB projecting on the local group galaxies may indicate that SGR are more close and less luminous objects, than it is now accepted (Bisnovatyi-Kogan, 2002).
CONCLUSIONS
There is no fully consistent GRB model: neither radiation, nor explosion. It is not excluded, that short GRB have galactic origin, and giant bursts in SGR are connected with short GRB (Mazets et al., 1982b) . Critical experiments are needed: spectra of prompt optical afterglows; study of hard gamma-ray afterglows; search for orphans optical afterglows in optical all sky monitoring. Cosmological GRB may come from collapse of massive rotating star followed by formation of Kerr black hole surrounded by massive magnetized disk, and rapid accretion leading to GRB; or from some exotic models.
